The regulatory wild-type locus sacU, which has a pleiotropic effect in Bacillus subtilis, notably on the synthesis of secreted proteins, was obtained from a colony bank of Escherichia coli harboring recombinant cosmids representative of the B. subtilis genome. It was shown that the sacU gene is located on a 2.4-kilobase KpnI-EcoRI fragment and that the cloned sequence is homologous to the corresponding chromosomal DNA fragment. The wild-type phenotype was recovered after transformation of SacU-, SacUh, and SacU-Recstrains with the recombinant cosmid, indicating that the sacU locus has been cloned in totality. The Moreover, the sacU", amyB, and pap-9 mutations proved to be identical with respect to their phenotypes and genetic location (29).
After induction by sucrose, two saccharolytic enzymes are synthesized in Bacillus subtilis 168: an exocellular levansucrase and an intracellular sucrase (24) . Mutants which possess an altered rate of levansucrase synthesis as compared with that in reference strain 168, the phenotype of which is referred to as Lvs+, have been isolated. Two classes of mutants have been distinguished: mutants with an increased rate of levansucrase synthesis (Lvsh [high-level levansucrase production]) and mutants with a decreased rate of levansucrase synthesis (Lvs-phenotype) as compared with that of strain 168 (Lvs+ phenotype). The mutations leading to the Lvsh phenotype have been mapped at three different chromosomal loci identified by PBS1 transduction as sacU, sacQ, and sacS (20) .
Moreover, the sacU", amyB, and pap-9 mutations proved to be identical with respect to their phenotypes and genetic location (29) .
The SacUh mutants showed a pleiotropic phenotype characterized by an overproduction of exoproteins (a 50-to 100-fold increase in levansucrase synthesis, a 5-to 10-fold increase in protease synthesis, and a 2-to 3-fold increase in a-amylase synthesis). These mutants were poorly transformable. They possessed low autolytic activities and were able to sporulate under conditions which normally inhibit sporulation of wild-type strain 168 (such as the presence of glucose in rich media or mineral media containing amino acids). Negative mutants have been also mapped at the sacU locus. The SacU-mutants have been characterized by a low rate of levansucrase and urease synthesis.
In this paper, we describe the identification of a recombinant cosmid from a B. subtilis DNA bank established in Escherichia coli (3) harboring the regulatory gene sacU, the isolation of a 2.4-kilobase (kb) fragment containing this locus, and the complementation of sacU-and sacU" mutations in B. subtilis. Expression of the sacU gene was also demonstrated in a minicell-producing E. coli strain.
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We also demonstrate that a change in the membrane polypeptide content is another aspect of the pleiotropic effect of the sacU gene. The membrane fractions of the SacUh mutants were characterized by the presence of a 46-kilodalton (kd) protein in higher amounts than were found in the wild-type strain. This modification was accompanied by the concomitant disappearance of a 36-kd polypeptide corresponding to the flagellin subunit.
The level of regulation exerted by the sacU gene was examined by analysis of the mRNA content of a secreted protein (levansucrase) in SacUh and SacU-mutants. The results of such an experiment strongly suggest that the pleiotropic action of the sacU gene takes place at a posttranscriptional level in B. subtilis cells.
MATERIALS AND METHODS
Bacterial strains and B. subtilis colony bank. The collection of cosmids was constructed in E. coli HB101 (5). E. coli SK1592 was used for subcloning experiments (5) . The cells were grown in L medium. A minicell-producing strain of E. coli, AR1062 (26) , was used to study the proteins coded for by the recombinant cosmids. Minicells were prepared as described previously (26) . Incorporation of L-[35S]methionine was carried out as described previously (26) . The following B. subtilis mutants were constructed in our laboratory: QB136 SacUh (sacU32 leuA8 trpC2), QB254 SacU-(sacU42 hisAl trpC2 sacA321), QB501 SacU-(sacU42 trpC2 sacA321), and QB980 SacU-(sacU220 trpC2 recE4). The B. subtilis cosmid bank was established in our laboratory as described previously (3) with pQB 79-1 as the cloning vector.
Transformation, selection, and characterization of recombinant phenotypes. Transformation of E. coli and B. subtilis was performed as described previously (27) . Recombinant clones of E. coli were grown in the presence of 50 ,ug of ampicillin per ml and 2.5 ,ug of chloramphenicol per ml. Selection of B. subtilis transformants was carried out on appropriate plates as described previously (6, 19) .
The levansucrase phenotype (Lvs+) was identified on 2% sucrose plates by the production of levans, which impart an enlarged mucoid characteristic aspect to the colonies (19) .
The hypersecretion of levansucrase (Lvsh phenotype) was detected on plates, after induction by sucrose, by the release of glucose when a specific reagent was used (Statzyme; Worthington Diagnostics).
The rate of sporulation was determined after heating the culture on SRG medium at 80°C for 10 min and then counting viable cells as described by Kunst et al. (18) .
The motility of bacteria was checked on solid TBAB medium by overlaying soft TBAB agar with bacterial cultures as described by Kunst et al. (18) .
Membrane fractions were prepared by the method of Marquet et al. (21) , and separation of proteins was done on 7.5 to 15% exponential-gradient polyacrylamide gels as described by O'Farrell (22) . The polypeptides were transferred to a nitrocellulose filter by electroblotting. Immunodetection was performed by a modification of the procedure described by Towbin et al. (30) with a specific serum directed against pure flagellin and with [1251] protein A from Staphylococcus aureus (1,000 Ci/mmol).
Extracellular proteolytic activity and extracellular levansucrase activity were assayed as described by Kunst et al. (18) . Extracellular ao-amylase activity was measured by soluble starch hydrolysis as described by Yamaguchi et al. (33) .
DNA analysis. Cosmid DNAs were extracted from E. coli and B. subtilis as described by Birnboim and Doly (4) . Cosmid DNAs were further purified by isopycnic gradient centrifugation in CsCl in the presence of ethidium bromide. Digestion with restriction enzymes and ligation with T4 DNA ligase were performed under the conditions recommended by the commercial suppliers.
RNA analysis and hybridization with DNA. Total RNA was extracted from B. subtilis as described previously for B. thuringiensis (12) . Samples were dotted onto nitrocellulose filters (BA-85, 0.45-pLm pore diameter; Schleicher & Schuell)
as described by Andrews et al. (2, 9) . Filters were prehybridized, hybridized, and washed by a modification of the Denhardt procedure (7) described in reference 2.
DNA was labeled by nick translation with E. coli DNA polymerase (Bethesda Research Laboratories) in the presence of [Co-32P]dATP and [ot-32P]dCTP (400 Ci/mmol; Amersham Corp.) as described by Rigby et al. (28) .
RESULTS
Identification of a recombinant cosmid complementing the sacU-and sacUh mutations of B. subtilis. A collection of clones containing recombinant cosmids representative of the B. subtilis genome was established in E. coli HB101 (3) by using a bifunctional cosmid vector (pQB 79-1) derived from pHC79 (14) .
The sacU gene was searched for among the E. coli recombinant cosmids by complementing a sacU-mutation of B. subtilis for the Lvs+ phenotype. Lvs+ colonies were screened for among the transformants selected by congression with an unlinked auxotrophic marker. A competent culture of strain QB254 SacU-(sacA321 sacU42 hisAl trpC2) was exposed to a saturating amount of DNA from strain QB501 SacU-(sacA321 sacU42 trpC2) in the presence of cosmid DNAs extracted from the 22 pools of the DNA bank. The cosmid was identified in the individual E. coli clones from a positive pool and was referred to as pBS5A4. This cosmid also allowed the complementation of other sacU-mutations tested, such as sacUJ22, sacU146, sacUJ93, sacU200, sacU213, and sacU220.
It was also possible to transform strain QB136 (sacU32 leuA8 trpC2), which has the Lvsh phenotype, to the wildtype phenotype, Lvs+.
The restriction map of pBS5A4 is shown in Fig. 1 . The size of the recombinant cosmid is about 13.4 kb, which corresponds to an inserted DNA fragment of about 4 kb. The cloned sequence contains two KpnI sites separated by a 1.4-kb DNA fragment. After elimination of this fragment, the remaining linear DNA fragment was ligated. The new cosmid was referred to as pBSU2 (Fig. 1) .
Transforming activity of the recombinant cosmid. To test whether the derivative recombinant cosmid pBSU2 conserved the SacU + transforming activity, we used it to transform B. subtilis QB136 SacUh for chloramphenicol resistance. The different Cmr transformants obtained were then examined for all the known phenotypes controlled by the sacU gene.
After induction by sucrose, about 60% of the Cmr recombinant clones had the Lvs+ phenotype. Seven Lvs+ transformed clones taken at random were further examined. The recombinant cells produced exocellular enzymes (levansucrase, a-amylase, and proteases) at the same level as the reference strain ( Table 1 ). The cells were flagellated and motile. Their capacity to sporulate was repressed in the presence of glucose. The results obtained with the Rec+ strain QB136 indicate that at least part of the sacU gene was cloned in the recombinant cosmid pBSU2.
Because the sacU" mutations seem to affect the membrane properties of B. subtilis, one of the recombinant clones recovered after transformation of QB136 by pBSU2 (clone 7) was examined for its membrane proteins. A faint band of 46 kd was present in the membrane pattern of reference strain 168 ( Fig. 2A, lane 2) . This component was detected only by immunoreaction in strain QB254 harboring the sacU-mutation (data not shown), whereas it was present in high amounts in the membrane fraction of strain QB136 carrying the sacUh mutation ( Fig. 2A, lane 3) . This latter strain was also characterized by the absence of 36-kd polypeptide that was present as a major component in the SacU+ and SacU-strains. The 36-kd component was further identified by immunoreaction with specific antibodies as the monomer of flagellin (Fig. 2B) . The antiserum did not react with the 46-kd membrane protein, excluding homologies between this component and the flagellin subunit. The modifications of the membrane patterns of the three different types of strains, SacU-, SacU+, and SacUh, therefore indicate that the sacU mutations not only affect the level of some secreted proteins but also modify the composition of the membrane fraction.
The pattern observed for clone 7 is shown in Fig. 2A , lane 4. The cells recovered the pattern of the wild-type strain (the presence of the flagellin subunit and of the 46-kd polypeptide in discrete amounts).
The recombinant cosmid was also used to transform a SacU-B. subtilis strain containing the recE4 mutation, which prevents the integration of chromosomal DNA fragments into the bacterial genome (8) . SacU+ Cmr transformants were obtained from the SacU-strain QB980 (sacU220 recE4 trpC2). The cosmid extracted from one of the transformants was the same size as the original cosmid, pBSU2. Its coding capacity was tested by transforming strain QB980 back to both SacU+ and Cmr and E. coli SK1592 back to Apr Cmr. In both cases, transformants were obtained, indicating that the cosmid extracted from the SacU+ Cmr transformed clone conserved its biological properties.
From the results obtained, it seems likely that recombinant cosmid pBSU2 contains transforming SacU+ activity. Moreover, the results obtained with the recE4 strain indicate that complementation can occur in trans for SacU+ and that a complete copy of the sacU gene was cloned on the 2.4-kb KpnI-EcoRI fragment from the original cosmid, pBS5A4. The presence of the sacU gene on a multicopy plasmid did not increase the production or secretion of levansucrase in either wild-type strains 168 or strain QB980 (SacU-Rec-) (data not shown).
Homology between the cosmid and the chromosomal DNA structure. To determine that the fragment of B. subtilis cloned into recombinant cosmid pBSU2 was not modified by deletion, insertion, or rearrangement in E. coli, we first proceeds essentially by homologous recombination with chromosomal DNA. It was concluded that in 40% of the Cmr transformants analyzed, recombination events either did not occur at all or did not involve the mutation site of the sacUl allele of the recipient cell. This would imply that the sacUh mutation is dominant on the wild-type allele. The original cosmid, pBS5A4, isolated from the bank was relatively small in comparison with the theoretical sizes needed for in vitro packaging in the A capsid. It is possible that extensive deletions occurred in the original cosmid after subculturing in E. coli, even under selective pressure caused by the presence of antibiotics. This situation has already been observed in E. coli for other genes studied in our laboratory, such as sacA, thr, and glyB (3, 11) . In the case of pBS5A4, vector pQB 79-1 has not been modified, so deletions or rearrangements should have occurred in the cloned B. subtilis sequences. However, by using the KpnI-EcoRI fragment containing the sacU gene as a probe, we showed that the fragment cloned in recombinant cosmid pBS5A4 is homologous to the corresponding chromosomal DNA fragment. Therefore, it can be inferred that no deletion, insertion, or rearrangement occurred in the sacU gene of B. subtilis during the cloning process in E. coli.
Expression (31) , extended more recently to E. coli (13, 23) , and also suggested for B. subtilis (15, 16 Volume 161, no. 3, p. 1182-1187: Further research has indicated that the cloned gene does not map at the sacU locus; therefore, the results reported in this article must be considered to be incorrect.
